A finger sphygmomanometer was compared with a mercury column sphygmomanometer for its ability to screen for hypertension. A total of 881 patients used each machine, both in initial screening and then for monitoring. The finger sphygmomanometer had a specificity of98-5% in routine screening as compared with 97-6% for the mercury column device. Sensitivity of the finger device was 98-2%.
Introduction Cardiovascular morbidity and mortality are lowest in those who are normotensive-for example, a man of 35 who has a blood pressure of 140/90 mm Hg has a life expectancy of 41k5 years, whereas if his blood pressure is 150/100 mm Hg his expectancy is only 25 years. ' Adequate blood pressure screening to pick up the hypertensive as early as possible is therefore an essential part of modern health care.
In Britain fewer than halfofpeople with hypertension are thought to be detected by a combination of screening,2 opportunistic screening,3 and case finding' examinations in the general practitioner's surgery. 5 Moreover, of those who are detected, fewer than half receive the required treatment and follow up care, including having their blood pressure monitored during treatment. Part of this problem may be due to the time it takes to measure blood pressure conventionally and to the reluctance of patients to undress for the procedure unless strongly motivated. We estimate that in our health centre a standard surgery of 20 30 minutes if each patient's blood pressure was measured as a separate item of service.
In the United States pay booths for measuring blood pressure have proved unsuccessful because of fear and the need to undress and are gradually being withdrawn from public areas and pharmacies. By contrast, pay booth pulse meters are quite acceptable, requiring only insertion of the finger. We thought that the uptake of screening might be improved if a "hole in the wall" device was available in clinics in Britain. Receptionists might carry out the screening while registering the patient or the doctor might do this while taking a history or carrying out other procedures. Furthermore, the ease of use of such a machine might facilitate home monitoring or follow up by paramedical workers.
We therefore decided to assess the accuracy and convenience of a finger sphygmomanometer as a screening device in general practice. We also tested its efficiency in monitoring blood pressure in patients diagnosed as hypertensive and compared it with conventional mercury column sphygmomanometry in screening for hypertension in a given population. As our gold standard we used the Hawksley random zero sphygmomanometer, which the Medical Research Council working party chose for screening for mild hypertension.
Materials and methods
The study was Everyone entering the health centre during the study period was encouraged to see a specially trained nurse working in a screened area separated from the waiting room. The patient sat with the arm horizontal at heart level, supported on a desk.'4 Blood pressure was measured using, firstly, the finger sphygmomanometer and then the random zero machine. The finger sphygmomanometer cuff was used on any of the four fingers. In the case of the random zero machine the level of the mercury column was read to the nearest 2 mm Hg at Korotkoff sounds 1 and 5 and at the resting zero point. The cuff measured 13-5x22 cm. A total of 881 patients were tested over the five months of the study. Once screened, all those patients whose blood pressures were above the acceptable limit for their age and sex were monitored on three occasions over the subsequent month, both m aches being used for comparison studies. Each patient positive for high blood pressure on screening was monitored for diagnostic readings and each subsequent patient similarly monitored. In monitoring for diagnostic measurements the readings were taken "blind"-that is, the screening blood pressure was not known to the operator. Based on data used by the MRC Working Party on Hypertension as a baseline for age and sex norms," all those patients whose blood pressure was still high were referred to a doctor for treatment. Subsequent monitoring ofthe blood pressure was carried out by the general practitioner, who also used both machines. The decision to treat or not was left to the individual doctor but was broadly based on Raftery's criteria. 1" Each patient was subjected to a rigorous physical examition, chest radiography, electrocardiography, and full blood count and urea and electrolyte estimations.
Readings with the finger sphygmomanometer were taken first. The order of blood pressure measurement was not randomised and readings were sequential. "Test positives" were those patients recorded as apparently hypertensive after one screening. "True positives" were those who after monitoring were still diagnosed as hypertensive and were then referred for treatment. By monitoring in this way each patient had three further readings over the following month plus a physical examination. Cuff size is also important. Standard sized cuffs used in screening general populations may result in apparently increased blood pressure readings in overweight members."' Cuff size seems unimportant in finger sphygmomanometry, whereas with the random zero machine inappropriate sizing gives artificially high readings. Hence in our series there were more false positive readings with conventional sphygmomanometry than with finger sphygmomanometry. All patients given treatment for their hypertension were monitored subsequently using both techniques. Both the doctors and the trained nurses in the health centre were using the machine by that time and the results with the two techniques compared favourably (see below).
Results and comment
By using the finger sphygmomanometer monitoring of blood pressure may be done by the patient at home or, more important, by the patient's companion when the patient is asleep, facilitating 24 hour monitoring. Circadian patterns of high blood pressure may then be established, which would facilitate far more accurate therapeutic control of hypertension in individual cases than at present. Non-invasive devices to monitor blood pressure in ambulatory patients will change the scene in the management of hypertension. Data from a large series ofpatients convi y suggested that blood pressure recorded in the individual ambulatory patient is a better indicator of his personal cardiovascular risk than the blood pressure measured in the surgery. " Finally, we asked all our patients which of the two methods they preferred; all stated their preference for the finger sphygmomanometer. Random zero sphygmomanometry may be a particularly unpleasant and painful method of taking the blood pressure.
COMPARISON OF MEASUREMENTS
We attempted to establish whether a new, cheap, and quick method of measuring systolic pressure produces answers that agree with those from the established mercury column arm sphygmomanometer technique. We reject calculation of the correlation coefficient between the two methods of measurement, 2 which is not a measure of agreement but a measure of association. It would be wrong to infer from a high correlation that the two methods may be used interchangeably.
In order to establish the degree ofagreement between the two methods of recording systolic pressure we have gone for a simple approach. Figure 2 plots x against y, where x and y are the relevant systolic pressures gained from random zero and finger sphygmomanometry respectively, and shows a line of equality through the data from the first 400 patients, who were tested by a single operator. Figure 3 replots the same data. If x and y are the readings of systolic pressure with each of the two machines this reduces to a plot of (x-y) against ((x+y)/2). From this type of plot it is much easier to assess the magnitude of disagreement, spot outliers (for example, those fingers with peripheral vasoconstriction), and see any trends. There was no evidence of any tendency for the amount of variation to change with the magnitude of the measurements. Hence we conclude that readings obtained by finger sphygmomanometry and random zero sphygmomanometry were unlikely to differ by more than two standard deviations.
PROS AND CONS OF FINGER SPHYGMOMANOMETRY
It is important to ensure that the finger is kept approximately at heart level for the test, a difference of 13 5 mm producing an error of about 1 mm Hg. There was no difference in recordings with variation in skin colour.
In winter some patients coming straight off the street were profoundly vasoconstricted, with skin temperatures as low as 2 MC. These fingers gave no readings initially until they were warmed (by placing the hand in a bicycle glove until the skin temperature rose), readings from a few of these appearing as outliers in figure 3 and far from the line of direct correlation. Table III gives a breakdown of all those patients whose skin temperature fell below 290C through cold or Raynaud's phenomenon. Table III Many factors may affect measurements, such as observer, time of day, position of the subject, particular instruments used, etc. There is a distinction between repeatability and reproducibility. In comparing the results obtained by the two methods the question to be answered is whether the methods are comparable to the extent that one might replace the other with sufficient accuracy for the intended purpose of measurement. For this purpose it is customary to allow results to fall within twice the standard deviation error band." Figure 4 presents the data from figure 3 peutically.7'3 Because it is so convenient to use the finger sphygmomanometer is ideally suited for this measurement. Our trial shows that as a screening device the finger sphygmomanometer is more specific than the conventional mercury column device. Comparison studies between the two methods show a favourable degree of correlation. We suggest that this simple finger sphygmomanometer, using systolic pressure only, may readily be used for screening for hypertension and monitoring either at home or in the surgery. 
